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INVESTIGATION OF THE EXISTENCE OF OXYANIONS

OF FLUORINE AND NITROGEN AND THE NITROGEN-FLUORINE CATIONS

Summary

1.

2

?o

The preparation of trans-N.F. from NoF4 and AlCla in
a flow system 18 described.

The thermal isomerization of trans-NaFp to give cis-
NzFp, must be conducted at low pressure to avold
decomposition.

Both c¢ls and trans-NsFp are ‘nert to water at ambilent

temperatures but hydrolyze slowly at Th-90°C ylelding
malnly nitrogen, oxygen and hydrofluoric acid,

2NzFo + 2Ho0 > ZHp + 0o + 4HF

Only mlnor amounts of NoC and H0a~ are formed.

The hydrclytic reactions of the NoF, 1somers are first
order with respect fo the nitrogen fluorides.

Unlike NFs, c¢is and trans-K,F. are not hydrolyzed via
nucleophilic attack in aqueous solution &8s shown by
the fact that caustic soda does not significantly
accelerate the reactions.

The mechanism of hydrolysis of cis and trans-NaFj
probably involves a bimolecular vapor phase decomposition
reaction of the type

HzO
NoFp + M > Np+ Fp + M 3 Ko + 1/205 + M & SHF
{M = any molecule)

No stable intermediates are 7ormed in the hydrolysis
reactions of cis or trans-NoFs.

[




Experimental

The general experimental procedures followed in this work B
have been described in previous guarterly reports {HQ 76-5, 6).
Detalls of specific experiments zre g-ven in the relevant
Sections of the RESULTS AND DISCUR3ION section.

Mixtures of nitrogen and oxygen were Irequently formed in
the reactions and 1t was necessary to devise an analytical
method sultable for determining the concentration of these
gases in small samples. The foliowing procedure was found
to be convenlent and sufficliently aceupate:

The total amcunt of non-condensible Z48 present was determined
by drawing the volatile products through liquid nitrogen-
cooled traps with a Tlpler pump. Alter establishing the
absence of nitrogen fluorides or other compounds by infrared
spectroscopy, a sample of the £as of known pressure and

volume was welghed te establish the molecylar weight and thus
demonstrate the absence of hydrogen. The molecular welght
bulb containing the gas at reduced pressure was opened

briefly to a large volume of nitrice oxide at over twice the
preasure of the sample gas. The resuiting mixture was allowed
to stand at amblent temperature for 30 minutes to ensure
completion of the reaction

2HO + 0z > 2NO»

The remainfng non-condersible gas (No)! was again measured
with the T8pler pump.

Because of the high volatility of nitric oxide some of this
material invariably passed the 1iguid nitrogen traps and
contaminated the nifrogen. The amount of NO present in ths
recovered N; was determined by infrared spectroscopy. It
should be noted that nitric oxide is particularly susceptible
to IR peak intensification as a result of pressure broadening
and it is therefore necessary to measure calibration peaks

at the same total pressure as that of the unknown sample.

The subject of pressure broadening, especlally in relation

to the nitrogen fluorides, will be discussed more fully in
the next quarterly report.
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Preparation of trans-H=Fs

The batch preparation of trahs-Horp by oht
with A1Cis was deseribed In Uhe ec i
{HE7L-6).

= = 27 F2T _ =3 Tz = : & = -
ZHoFg + 2AITIs > 3HoFs + 301s + ZAlFs =

This process has been adapted to sSmail-scale Tlow Systems
with excellent resuits. Ieproved vields of K-Fs; have been
obtained from the flow resction 55 compared with those
previously reported zs statie systems {5385 vs. ea. &5
based on the amount of 5o + —-

cis-NoFs 15 shown

»-*‘ a;u
DN ey
L]

o
in Figure 1. Each of the Tive traps (120 ml) 1s conatructed
of Fyrex glass usling 150 mm sections 0? 15 mm tubling for
the side arms. The arms of trap 7> terminate in 18/9 ball
Soints to tacilitale remoyal for cleaning ond relosding with
the solld reagent. #nhydrous slumimum chloride 717 g) is
placed in the reaction trap sng sublimed lundeyr dry

¥

nitrogen} onto the walls of the side = b
bottom of the frap with 3 buns

£

= hesating the
) = : ==
should be o8 eveniy gistributed o= possibie.

i= coating

After connecting the trap ., inteo the regsetion train the
entiye Syates 15 thorouphly evocusiea ans Yo 1ves ¥., ¥o. ¥3
and Vs ave cioged, T:oaps Ti. Ta. T4 and Ts are immersed
in itauid nitrogen and trap Ts 1is cocled with an aceltone-Cis
bath, which must reach above the level of the AlCis. After
thv 5&31*55 smon. o T, > to St maoies ) Fos been
distiiied Inte trap T, through valve V3, the 1iguild nitrogen
§§g? sroond this trags 1S replsced by & siush bath of
methyleyciohezane oF n-pentane, Valve v, 15 opened brlefly
te sitow some b, o vass TR0 Lrap .. he Lol vapor
Shouia be otiowed to remsih h CORLSCE Wilh the siuminum
ehloride for about 30 minutes in order Lo setivate the solid
Snd proguce some elementsry nitrogen. voive ¥p is opened
and ; stely thereatfter valve Vs 15 opened just
e 3 SiowWwly incressing pressure 53 indlcated
11 manometer. Ysive Y5 should be sdjusted
=z 3t 3 rate of approximastely
Hz/mirute . niee the Tlow rate
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FLOW REACTOR FOR PREPARING TRANS-N,F,

FIGURE |
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has been establiished vaive V- may be opened fully and need
only be closed perisdleslly to check the Flow rate.

The reaction generzrés = e o 5 aslg and thus the
rate of s83cape this g55 from the reactor provides a measur
of the rate at which the startling material is pasalng over
the A1Cls. Tt 1= ,mpg*§tzz that the nitrogen be aEEOW¢a to
buiid up in trap Tz during the aetivation ueriod and that
valve ¥s be opened very afawlv i the rate of eaeape of N
is to be ysed a5 =n indlieation o Ehe flow rate of the N-Fs.

e3 to limlt the preasure
20 mm He. ©Obviousiy =

€ may be used In pianece of
the cooled trap 7 gﬁé meter may be substituted for
the oll manometer desc 4 above. Under these conditions
¢are should be exer eizaé that the pressure of NoF4 in the
reactor be Kept below 20 mm O¢ In evéer toc svold side
regctions which lead to the “ormation of NP, £ Tlow rate
of approximately 10 mmoles/hour 1= uati‘“astory fer =
reactlion tube of the app?czzmdae dimensions deseribed above.
Hhe condensible raw prﬁaag& which collects in traps Ta, T4
and Ts (or a single trap of greater effictency consists
mainly of a mixture of trans-¥.F. =nd chlorine siong wit
Eraces of HC] and HFs. The chlerine may be removed by vaecuum
distillation from 3 trap cooled in isopentans sliush. It is
recommended t.5t the product be vashed with dilufe caustic
soda to desiroy the last traces ol halogen and HCl. Any
NFs present can be eliminated by I rolonged pnmping on the
materlial at -195°C or by P?p&atea distillation of the gas
into a 1iquid nitrogen-cooled trap open teo an esficient
VACUuUm pump.

mechanicai présau&,-req

Epe=— typical reaction carried out as descrlbed above, NoFy
{17.8 mmole} from = gz&z cooclied with methyleyclohexane was
passed over AlCls [i0.7 g} over z period of 2 hours. The
product was purifisd bj Erap-to-trap dictillstion Followed
by washing with =ater. ¢ nal distiilation yielded =
mmole of N F; {HEZ} contaminated with less than . NP5,
RO other Impurities were detectzbls in the iniadPEd spectrum
of the material at 25¢ m=m ég.

ik m L"Ww
Ll.n

mr«»u

1=
==
5=t

isomerizatlion of trana-1. =

The thermal interconversion o the ¢i3 and trans forms of
HoFp has been described by Colburn et 51 1,

W
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Nitrous oxide and NO:~ are also formed, but only in relatively
minor guantities,

The resalts of a number of hydroiytic experiments with cis
and trans difluorodiazine are summarized in Tables 1T and III
and Figures 2 and 3.

The data in Table T and Figure 2 were obtained by reacting
samples of trans-H-Fs, with 5 m1 portions of water, agueous
NaOH {2 N} or aqueous HE1 (0.5 §, The reaetion vessels
consizted of Pyrex ampoules fca. 135 cc} equippad with
multiple break-seals which allowed fhe temporary removal of
volatile products at intervails during the experiments,
Infrared spectroscopy was generally used 1n estimating the
concentration of the nitrogen fiucrides.

deplets the logarithmic rate of change in the number of milli-
moles of trans-NsF, in contact with water at RG°0 a8 a
Function of time. The line "B" wss cbtained by plotting the
function log (Ny-2/3n) againat time where Ny 1s the initial
amount of trans-N,F, present and n is the total amount
{millimoles) of non-condensibie £55 N> + 0.} which had been
produced in the indicated time. The ilinearity and nearly
paralle]l slopes of these two lines demonstrate three
significant facts:

in Fig. 2 the line "A" drawn through the circled points

=
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MABLE 1w
HYDROLYSIS OF trans-NaFa AT 89°0
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Tl tdal Total Hee owve e

trEn S - Reaotdon ol Totm (b
NaFa M ime Na Fao Nea + O Froduot s
Reaction Reagent (mmoles)  (hrs) (mmoles) (mmnles ) Lmmales )
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& Hz 0 el i 2. 52 Ng == 0. 44 Ma O = (0 O
(5 ml) O ke

m.u.._m. i ._,u,, f 2.3 bl ..m,b E,.m (o . ,_.{m_
(b oo (00 B L

L2005 0. Be & e N O = (04 0
b e | wl L i it .} |
I HQU " .&_ Q . .,Wﬂ_.“,_m_ ‘...J . mwé. .?._m LS 5:

NOQa 7= =0 &

8 @ N Naow | 1.40 2R.5 i 0. 4T D = 00 0,
(1% m1)
118 il M Nz (o ). 10K
NOp w02
10 M s o R T ) en 1.02 0T
sl el I
118 0. B0 1,46 Clpm=0.03
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HYDROLYSIS OF tf335=§2¥2 AT 88°C

i) trans- szz + Hzﬁ {5=1)

) tfansx-ﬁgfz 3 828 {5ml)
, ORDINATE = ﬂa - 2/3n
AN = where ﬁa = initial ﬂze

n = total non—condensible
gas produced.
— €) trans-N_F, + NaOH (5m1.2N)

i 3] traﬁs~ﬁ§f§ + HC1 (5mi 8. 5N)

(D

FIGURE 2
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TARLE 1T
HYDROLYSTS OF A MIXTURE OF cis AND trans-NaKa AT THOQ

OOttt O ettt et et et ettt O e St O T OO Ao et 1S ESY t i  tO T 4esefe ahe  e t e

Total Wotia 1

Inttlal NoFa Redotlon Recovered NaRa N -
A§3§p§§w Time (mmoles ) Cond.
Feaetdon Reagent el trans | (hra) els trans (mmoles )

AT Tt et e et et e e e e e T At O T 0 4 4 o] e e 0 A ot At O e e 3D A8 ] ot 00w e e

il ﬂwﬁ~ | s ot R RSO 0. & Ok il 06 {1
[ )
A et AR o A R

he L i o ¥

B0 6 0. RS il e 0,315
68 . 5 0 O 0 i T il

i w N zwg: i T o A s 16,5 0. 038 N il
(i i

AR AR R 00 30 R0 BB Ot 0 1R 400t 021 e 00 40 O 40 R 00 e e oot e vt et e et R O R Mt R 0 et A At M Ot et sttt e e o el

» Values in parentheses are actual values Iin mmoles that were carried
forward; decrease was due to mechanical handling loss.
Compensation for this loss was made in plotting the data in Fig.
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8.3

=

8.1=

CIS & TRANS n;zzrz(n moles)

HYDROLYSIS OF A MIXTURE OF CIS & TRANS AT 74°C

Bt - K:
3 trans ﬁzfz

F)O cis - "ifz
where ﬁs-ismai cis - 3252
n=total non-condensibis

g§as produced.
A=total trans - Hzr ] reacted

() Points in parentheses refer to reactions
with 2N NaOH in place of water

FIGURE 3
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i2

80



i. The regetion is First order with respeet to trans-
gg.’g =

= The stoichiometry corresponds closely to reaction 1V
‘with the deviation =t lsast partly due to the
formation of Hz0 =nd NGs™ 1.

== Intermediates with detectably long 1ifetimes are not

proguced,

The iines "C" and "D" were obtained from expe”iﬁéﬁtﬁ
involving agueous NaGH /2 N} =nd aguecus HCI (0.5 u}
respectively and were plotted on the same basis as line "A".

A simiisr set of experiments Involving = mizxture of cis and
trans-H, Fs (675 ~~§ at 74°C 15 recorded in Fig. 3 and

Table ITI. The log of the xuabe, of milliimoles of the trans
{1ine "E"} and cls isomers fiine "F°, cireiled points} is
again shown as a function of time. The points within the
Squares express the rate of formation of non-condensibile gases
{Hz + 0.} from cis-H F> in terms of the functlon

where H; 1s the Initial amount of the ois isomer present, o
1s the total amount of non-condensible gas which has been
produced at any time and A 18 the amount of the trans

isomer reacted as given by line "E”. The non-condensible
function is theoretically equivalent to line "F" on the basis
of reactionh IV. However, the close correspondence of the

tW#o sets of dats is partly fortulfous since detectable
guantities of Y0 were alsc formed.

Ater the compietion of the sbove experimenis, the remaining
isomerie mizture was allowed Lo react with 2 § HaoH
{Reaction 12} under similar conditions of temperature and
pressure. Ko change in the reactlon rate or products

occurred as Is Indicated by the points in parentheses in Fig.
3.

The hydrolytic behavior of H:Fp 13 anomalous as compared
with that §f z&ﬁ other binary nitrogen :luorides; nitrogen
trifivoride and dinitrogen tetrafluoride both yield the
gsrfeéggﬁﬁzng oxides or oryanions of nitrogen under mild
conditions with base. This shservation suggests that the
mechanism of the HoFs reastions 13 not the same az thait of

}'3—?3 [ Fa2 }{;?3?4 =

The basic nydrolysis of H¥3 has been shiown to ocour vis
rucicophiiic stiaek in sciution sng there sre indications
that H;Fg behaves similarivy.




If this mechanism were involved in the hydrolysis of .7,
Ehe expected product woulsd Be E- 5 |t ftherefors Zppears
unlikely that nucleophiiic sttack s & B3 1OF faetor in this
reaction. Additiona: support for this conclusinn is
provided by the dats in Tables il and 11T and Flgures 2 and
2 where 1t is shown that the rates of hyvdr ?¥vs%3 of ei5 and
trans-HoFs are first apder with respect tp ths itrogen
fluorides and that these rates sre only 3Ei§§*iv “itered
in the pressnce of the st rong nucleophils OH, Aises 1=
contrast to the resctions oF EFs 500 T _F, the rate oF
reaction of trans-4-% was only moderately accelerstad =t =
The known thermodynamie zgszfézzzzg of HzFp makes it
necel3sary to consider not only direct chemical attack by water

== =

H ;

172 0 + §, + 2HP

but 3i1sc the thermal decomposition of the nitrogen fluoride

Aiso of iﬁigrési is the possibility of competing reactions
with the glass reaction vessels

In an attempt to resolve these gusestions, 5 study was made
of the non-hydroiytic decomposition of the HoFs isomers,
Semples of the two compoun™s at low pressures were heated in
glass ampoules {135 m1) both slone and in the rressence of
nitrogen at relatively high pressure. The effant AFf
increased glass surface sres on tne geeomposition of frans-
HoPo was also investigstea. The re3ullts of thess experiments

are summarlized in T=hle

v
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TABLE IV
DECOMPOSTITION OF cls AND trans-Nels IN GLASS

gg:aﬁgésgzgg_uau.ggg5_53_38..3gnznggg_ggnﬁsg§H,§§§ﬁugg_ngn§§g,_ﬁs§:§§,ggngg§.§nusa:_ﬁug_53__3.gﬁﬁg,gu&§_§”§§”§§_§.§u§§g§§.aiau,§“§§"§.§§n§§u§§~§§_§_
Initial Fartlal

Pressure OF PFartlal St s e

NoFa At Re- Fressune Aren IR Hea ol on L o2 et

NoFa aoetion Temp. OF Na MRl etaw. Time  position
(mmoLe ) (mm Hg) (mm Hg) ol ume t ()

§_.§ IE 4 Y OO Nt T AR O YOS O ot et O ot et A e e M AT R R A OO A O T R Y o et et et 1L 4D D et s o S e

tmans (0.240) b BO0 il

trang [ O.2ke ) Wi SO0 I o E i il b
temng { O.2860) Wy A I ikt i i

AL bl ﬁa.@pﬁg e

il LU YO o it mald i B G i it

nil L

b ﬁz.gygu fiy B0 L
tane (. Uko) ol 500 Kilk i

ots  |.028) aln () 300 1.9 : 18 olh ([ an)
trans (0. 0157) t B mﬁv trans (nil)

i m L DY) AL ol 1wt Il il wim e
i it A o ggﬁJ ol g B ﬂ@ﬁ g trans (ndl)

!

Strans [ 0.246) - Lot il " - rl
et 4 S et o e 1, et o o A e o )ttt e A A

B Oontrol mun to establish effledency of recovery teohnlous .




The dats In Table IV show that o

slowly in glass at 29°0 under low

tends to Increase In the presence of -5 sses

& simiiar accelerating effect occurs with the ois Somer 3
74°C. The reaction under nitrog ntly does not

involve attack on giass by {unac I} trens-N-F> Since
the rate was essenlially unaffected by 5 large increase in
the surface area of the reacter, The corresponding surface
area data for the c¢is isomer have ot ¥et been obtained.
The extent of decomposition of ois and Erans-N-F> with
nitrogen was approximately half that recerded for reactions
invelving an egquivaient Yapor pressure of water,

in view of the above evidence it must he zonciuded that the
reactions of c¢is and trans-N-F, cannot sdeguately be
described in terms of simple hydrolvytiec sttack,. Thne fact
that water i1s more effective than nitrogen in decomposing
KzF; may be the result of & contributing hydrolytic mechanism
Such as VI, but 1t iIs equally possible that ths water
molecule merely acts s a more efficient physiecal agent in
promoting the decomposition. Ir this connesction 4t should be
noted that nltric oxide was found to be more than twice as
active asg water in destroying trans HxF>. & the basis of
these chservations, the hydrelysls of the isomers may best be
written in the form

HoPy + HoO + M = N, + 1/2 0, + DHF + ¥ VITT

where M is any gaseous molecule.

Unfortunately the kinetlic measurements do not provide dats
which can be used to differentiste betwsen decomposition to
the elements and the Formation of an zctivated intermediats
a8 the rate-defermining step.

Fast
S10OW ¢ .
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I the particular case of the trans isomer, cis-NaFs could

be formed as an intermediate. However, 1t 1s worth noting

that no detectable gquantitlies of els-HzFs were generated in
any of the above reactions of the trans izsomer.

As was previously noted, the effect of £1i38s surface arez on
the decomposition of cis-N,P. has not ¥et been determined.
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Coihr
amblent tempersture rescts
weeka. In contrait, expe:

P‘
indieate that at reduced p o measurable
decomposition oceurs with either water or giass over a neriod
of 15 hours at 50°C or several days at 25°-30°C. Thus the
reported decorposition at room tempsrature probably proceeds
via a pressure-sensltive vapor phase res-tion rsther than by
direct attack on the glass.

HEFERENCES

1. T - B Co bee = L 7 opr Kenneoy, K. McCalluw,
L. €. Metzger and ©. 0. Parker. JECS =3, 6307 g0}

=



2ix {5} soples of fhiz renant we
;‘;:‘3‘-3%{,&3 YpiTs o..;} Fiii = SLIDNGTL WEere 3§§§§i§§§§{‘; £5 the Blpectar
E HLUU RESeareh Frolscts fronss B e e L33
= F= a2 = = = : s-EkE AEDNCY, jEnarimant i=fans
gégh;ngtgn 25, b. ., Attn Fip ;:;;{,;,_?; j I}EE Q‘f i=fanse,
{'}{?} Q{:};}ipg Fr the T i o BoomaisTaa el g },gfﬁégﬁj thil—":?
L AL £ L0 The it ﬁm’ii}_i}ﬁ ‘roceasing OFfis . =
Research Offise - Durham, Hopth ronras e Sixie, U 5. Army
fairham, fsrthALarglina, Attn., Mr. Paul W.
= 3 3 Pr !

\Qr
ont]

Lt
pye
(W]
)
i
o
b
e
[l
]

- §§§é?“§ﬁ§ o the Addresses 5!
Halling List, dated June 1584,

i

1[0

[HHTOEE

IS




